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The
growth
rate
G(T)
 is
obtained
 from
the
 increase

of
 spherulite
 radius
 as
 a
 function
 of
 time.
 It
 is

supposed
 that
 nucleation
 is
 instantaneous
 in

isothermal
 conditions.
 However,
 this
 procedure
 is

not
possible
when
the
maximum
spherulite
radius
is

unduly
 small
 and
 when
 spherulites
 are
 too

numerous.
It
is
the
case
of
the
polyetherblock
amide

PEBAX
®
.

Instead,
 use
 may
 be
 made
 of
 the
 lightscattering

method
 developed
 by
 Stein
 and
 Rhodes
 [7].
 The

measurement
 of
 spherulite
 radius
 is
 based
 on
 the

laserscattering
 theory
 for
 perfect
 spherulites,
 i.e.
 a

homogeneous
 anisotropic
 sphere
 in
 an
 isotropic

medium.
 The
 typical
 scattering
 pattern
 given
 by
 a

spherulitic
film
consists
of
a
fourleaf
clover
shape,

as
illustrated
in
Figure
2.
During
crystallization,
the

pattern
becomes
more
intense
and
smaller.
With
this

method,
 it
 is
 possible
 to
measure
 the
 radius
 r
 of
 a

sphere
in
the
range
of
half
a
micron
to
a
few
microns

by
means
of
the
equation
(4).
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Rmax
is
the
distance
from
the
center
of
the
pattern
to

the
point
of
maximum
intensity
on
one
lobe,
and
d
is

an
experimental
constant.
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Fig.
2.
Crystallization
small
angle
laserscattering


pattern
of
PEBAX®
in
3D
(150
Imthick
layer)
at


151
°C
and
different
times
t.



The
confrontation
of
 the
 results
of
G(T(t))
between

POM
 and
 SALS
 is
 satisfactory.
 Respectively,
 it

gives
 a
growth
 rate
of
0.1023
and
0.0939
Im.s
1

 at

151
 °C
and
of
0.0694
and
0.0664
Im.s
1

 at
153
 °C

and
of
0.0422
and
0.0587
Im.s
1

at
156
°C.
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In
 crystallization,
 large
 discrepancies
 are
 found

between
 experimental
 data
 because
 of
 the

fluctuations
 of
 the
 nucleation
 parameters
 which

depend
on
the
polymer
and
on
the
nucleating
agents.

The
genetic
algorithm
method
is
applied
to
improve

the
resolution
of
problems
linked
to
low
precision.
It

is
 a
 stochastic
 optimization
 method
 based
 on
 the

natural
selection
of
Darwin.
The
optimization
of
the

kinetic
parameters
is
performed
on
the
experimental

evolution
of
the
transformed
volume
fraction
and
of

the
number
of
spherulites.
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The
material
 used
was
 the
 iPP.
 The
 validity
 of
 the

model
 and
 the
 accuracy
 of
 our
 experimental

characterization
 were
 verified.
 Experimental

evolutions
of
the
transformed
volume
fraction
and
of

the
number
of
spherulites
as
a
function
of
the
time
of

crystallization
are
correctly
described
by
the
model.



Simulation
 of
 a
 complete
 injection
 molding
 cycle

was
performed.
An
as
example,
the
injected
part
was

a
2D
plateshaped
part
 (thickness
8
mm
and
 length

200
mm).
The
material
was
 injected
 at
 230
 °C
and

the
mold
temperature
was
50
°C.
Kinetic
parameters

given
in
Table
1
refer
to
the
equation
(1)
with
T0
=

116
°C.




Table1.
Identification
of
the
kinetic
parameters
for
iPP.

N00
(in
Im
3)
 q0
(in
s
1)

 G0
(in
Im.s
1)

5.875
104
 0.2669

 1.3941

N01
(in
°C
1)
 q1
(in
°C
1)
 G1
(in
°C
1)

0.20635
 0.2808
 0.1940
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The
 distribution
 of
 the
 transformed
 fraction
 as
 a

function
of
the
time
of
crystallization
is
illustrated
in

Figure
 3.
 A
 thin
 solid
 layer
 appears
 at
 the
 borders

when
 the
calculation
 in
Rem3D
®

 starts.
 It
 is
due
 to

the
high
cooling
rate
when
the
polymer
is
in
contact

with
 the
 mold.
 Then,
 the
 crystallization
 occurs

slowly.

5 CONCLUSIONS

Our
 general
 differential
 model
 based
 on
 Avrami’s

hypotheses
 gives
 a
 good
 description
 of
 the

crystallization
event.
It
requires
the
identification
of

key
 kinetic
 parameters:
 initial
 density
 of
 potential

nuclei,
their
activation
frequency
and
growth
rate
of

crystallized
entities.

Optical
microscopy
 gives
 access
 to
 the
 parameters,

and
can
be
supplemented
by
the
laser
lightscattering

when
growing
spherulites
are
too
small.


Optimization
 of
 the
 parameters
 is
 performed
 by

means
of
inverse
algorithm
method.


It
remains
to
gather
additional
experimental
data
that

take
 into
 account
 the
 size
 distribution
 of
 the

crystalline
entities,
as
well
as
the
effects
of
flow
and

high
cooling
rates.
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